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Evaluation of MN13142: An Advanced Breeding Clone with Long Dormancy and Other Desirable
Traits

Sanjay K. Gupta, James Crants, Matt McNearney, and Carl J. Rosen

Department of Soil, Water and Climate, University of Minnesota
175 Borlaug Hall, 1991 Upper Buford Circle, St. Paul, MN 55108.

Summary:

Providing crops with adequate levels of nutrients ensures the best yield and quality possible. It has
been proposed that N fertilization levels influence tuber sugar content and processing ability at harvest
by interfering with tuber chemical maturation ((Bélanger et al., 2000; Harris, 1978; Herman et al., 1996;
Iritani and Weller, 1977). The consequences of elevated N fertilization have also caused negative
impacts on the environment and have led policymakers and society in search of mitigating options.
Balancing economic with environmental concerns is often challenging. Therefore, it is imperative to
evaluate new potato cultivars for improved yield per unit fertilizer (kg yield/kg N applied). The
development of new potato cultivars with optimum N fertilizer use, low reducing sugar accumulation
potential, and long dormancy will meet the current potato industry demand and mitigate negative
impacts on the environment.

A field trial was conducted in 2020 at Becker, MN, with two cultivars to evaluate the effect of N fertilizer
levels (120, 240, and 360 Ib N/A) and seed spacing (9, 12, and 15”) on tuber physiology and yield and
quality attributes. After harvest, tuber yield, size distribution, and tuber quality components were
evaluated. Interms of N absorption, the MN13142 clone had slightly higher petiole nitrate-N compared
to Russet Burbank. The control cultivar Russet Burbank had a slight decline in total and marketable
yield at the higher N application of 360 Ibs-ac™ but MN13142 showed slight but statistically non-
significant yield improvement with higher N fertilizer. Overall, the effect of the N rate was not significant
for total or marketable yield. The effect of N fertilizer rate was found significant for percent tubers over
6 0z and 10 oz. The effect of plant spacing in MN13142 had similar trends. MN13142 clone had a
significantly higher percentage of 6 oz and 10 oz tuber than control Russet Burbank. In terms of tuber
guality, the MN13142 clone had significantly higher specific gravity than control Russet Burbank.
Tubers were stored at 40 and 48°F after reconditioning for further physiological and biochemical
studies. Storage evaluations are underway.

Background

Providing crops with adequate levels of N fertilizer ensures the best yield possible. However, the
soil-plant-atmosphere system inefficiencies prevent complete N utilization, leaving residual N in the soil.
Commercial potato production is especially prone to environmental contamination when N fertilizer,
irrigation, and unpredictable rainfall results in nitrate leaching (Sharifi et al., 2007). The risks of not
applying enough N can be substantial. Balancing economic with environmental concerns is often
challenging. Farmers usually apply higher levels of nitrogenous fertilizer to ensure profitable potato
production as most N in the soil is present in soil organic matter and crop residues and not readily
available for plant uptake. Optimum N fertilizer rates for potatoes are generally based on the traditional
cultivar Russet Burbank. New potato cultivars may not be as responsive to N fertilizer as Russet
Burbank. In addition to environmental concerns, excessive available N stimulates top growth and
delays tuber formation and maturity. Nitrogen use efficiency has been shown to decrease in a
curvilinear manner with increasing crop N supply (Sun et al., 2017; Zebarth et al., 2004).

The role of N fertilization on plant establishment, tuber growth, and yield has been extensively
studied in traditional commercial cultivars like Russet Burbank. Moreover, N fertilization influences
tuber sugar content and fry color by interfering with tuber chemical maturation (Belanger et al., 2000;
Iritani and Weller, 1977). It has been proposed that a higher N fertilization rate influences tuber sugar



content and chip color at harvest by interfering with tuber chemical maturation. The reports on potato

post-harvest storage and reducing sugar (RS) accumulation in response to N fertilization rates during

the plant's growth is limited and inconclusive, especially in new potato cultivars with high resistance to
cold-induced sweetening (CIS).

Systematic studies are lacking on the effect of N fertilization on the expression of various enzymes
related to carbohydrate metabolism in potato tubers. Studies have shown a close association of key
enzymes with reducing sugar (RS) accumulation. Changes in carbohydrate metabolizing enzyme
expression in response to N status may significantly affect tuber RS accumulation during storage.
Management strategies to reduce N losses to the environment from potato production while maintaining
profitable yields have been focused on the right time, rate, source, and N application place. However,
not much effort has been put into the performance of new potato cultivars on N fertilizer requirement,
increasing tuber yield and quality and avoiding N losses. Therefore, the new potato clone MN13142 has
been evaluated for N fertilizer rate in relation to total and marketable yield, tuber size distribution, and
specific gravity. The new clone MN13142 is under evaluation for long term storability, reducing sugar
accumulation and processing quality. Various biochemical parameters will be investigated to gain an
understanding of physiological response to plant N status.

For decades, the processing industry has had a high demand for potatoes with long dormancy, high
solids, low, reducing sugar potential, and tough skin set, traits important for storability and good
processing quality. The sprout inhibitor CIPC is routinely used on potatoes to improve long term
storage. However, CIPC is a health concern, and European countries have banned the use of CIPC for
potatoes, which has increased the demand for potato varieties with long dormancy. The new clone
MN13142 has several of the needed desirable traits, like, high solids, tough skin, low temperature
sweetening resistance, post-harvest quality retention, etc. The MN13142 clone could be an attractive
alternative for future potato production systems. The current study's overall objective was to evaluate
the response of new clone MN13142 to N management and other agronomic traits associated with
yield and long-term storability.

Methods:

To better understand N fertilizer response, the MN13142 clone was evaluated under three N fertilizer
regimes. Russet Burbank was used as a control cultivar. Cut, 2-3 oz certified seeds were used for both
clones. In 2020, the cultivars were planted on May 04, 2020, at the Sand Plain Research Farm,
Becker, MN, in a Hubbard loamy sand soil. A randomized complete block design with four replications
was used. Each cultivar was subjected to three N rates treatments120, 240, and 360 Ibs acre™. All plots
received 40 Ib N acre™ as DAP (18-46-0) at planting (05/04/2020) in a band 8 cm to the side and 5 cm
below the seed tuber. At emergence, N was side-dressed at 80, 200, and 320 Ibs N acre™ as ESN
(Agrium, Inc., Calgary, AB, Canada; 44-0-0) at each specific N rate treatment, respectively, and then
hilled in on 22 May 2020. to achieve total N rates of 120, 240, and 360 Ib N acre™ rates. To investigate
the effect of planting spacing, MN13142 clone at N rate of 240 Ibs ac™ was planted at three different in-
row spacings of 9, 12, and 15 inches. All potatoes were harvested on October 2, 2020, and suberized
for three weeks at room temperature. At harvest, yield and yield attributes were recorded. Tubers were
stored at 40 and 48°F cold storage for evaluations at 3 and 6 months intervals. Baseline sugar, fry
color, and other biochemical analysis were performed in tubers before cold storage.

Five tubers from each plot were analyzed for sugars, fry color, and other traits for storage evaluations.
Sugars, glucose, and sucrose were analyzed using a YSI model 2000 Industrial Analyzer (Yellow
Springs Instruments Co., Inc., Yellow Springs, OH). The concentration of sugar is expressed in mg g™
FW.



Results and Discussion: To investigate N absorption and utilization by the cultivars in this study, plant
N status in terms of petiole nitrate-N was recorded during three plant growth stages viz 1) Vegetative
(50 DAP), 2) tuber initiation and tuber setting (50 to 60 DAP), 3) tuber bulking (64 DAP to 87 DAP). To
understand N utilization at harvest, mature tubers were evaluated for total tuber N content. Percent
drop in petiole nitrate-N in each physiological stage of tuber development was investigated. Mature
tubers are currently being evaluated for storability at 40 and 48°F cold storage.

Petiole nitrate-N showed a clear trend under both the high and low N fertilization rates in all cultivars
(Figure 2). Petiole nitrate was highest before tuber initiation, which then declined rapidly in both
cultivars as the growing season progressed. This trend is consistent with the previously published
reports (Love et al., 2005; Zebarth and Rosen, 2007). Regardless of cultivar, petiole nitrate levels were
higher when plants were grown at higher N rates. Porter and Sisson reported similar results for Russet
Burbank and Shepody potato cultivars (Porter and Sisson, 1991).

Petiole N drop during tuber growth stages:
The number of tubers increases physiologically during the tuber setting stage, and tuber size increase

during the tuber bulking stage. There was a consistent trend of less N patrtitioning as N fertilization
increased from 120 to 360 Ibs ac™. The percentage drop in petiole nitrate-N in Russet Burbank and
MN13142 at 120 Ibs ac™ rate was 15.1 and 17.7% (Table 1). Which decline to 3.7% in Russet Burbank
and 7.1% for MN13142 clone grown at 360 Ibs ac™ N rate. Between cultivars, Russet Burbank seems
to partition less N, possibly to developing tubers compared to MN13142. This could be related to the
clone’s maturity and the sink demand and need in-depth investigation. Higher petiole nitrate-N at tuber
initiation had no significant effect on tuber yield (Fig. 1) in Russet Burbank. This suggests that each
cultivar or clone has its optimum N requirement. In our experiment, the optimum petiole nitrate-N for
Russet Burbank is around 18000 ppm. Whereas, MN13142 clone had an optimum petiole nitrate-N of
22000 ppm. But within the same fertilizer rate, the MN13142 clone translocated more N than Russet
Burbank. Early N partitioning could be related to tuber set provided plants have optimum petiole N.
Petiole nitrate-N changes over the season too. Porter and Sisson reported critical petiole nitrate levels
of 1.6% (16,000 ppm) for Russet Burbank at 50 DAP. Petiole nitrate levels above 2.2% (22,000 ppm) at
50 DAP resulted in lower Russet Burbank yields (Porter and Sisson, 1991). This trend in percent petiole
N drop at different physiological stages and N contents accumulation in developing tubers needs further
investigation.

Table 1: Petiole nitrate (mg kg™) in four cultivars supplied with 120, 240, and 360 Ibs N ac™ at three
growth stages.

Petiole Nitrate - Becker, MN Trial 2020

Ave. Petiole N| Ave. Petiole | Ave. Petiole Ave % Drop 1| Ave. % drop 2 [ Ave % drop 1 Ave. Total
6/18/2020 N 7/1/2020 | N 7/23/2020 and 2 and 3 and 3 yield Ave. M. Yield
RB 120 18146.1 15399.8 4715.6 15.1 69.4 74.0 532.3 510.9
RB 240 19527.7 19639.9 10087.2 -0.6 48.6 48.3 515.0 493.9
RB 360 19896.3 19164.3 15161.6 3.7 20.9 23.8 511.3 491.6
MN13142-120 20216.4 16645.9 4822.0 17.7 71.0 76.1 362.1 350.6
MN13142-240 9inch 22234.5 19642.6 10103.8 11.7 48.6 54.6 443.9 425.6
MN13142-240-12inch 21329.4 19359.8 9097.0 9.2 53.0 57.3 423.4 409.1
MN13142-240-15inch 20728.2 19838.0 9765.7 4.3 50.8 52.9 509.0 493.3
MN13142-240-12 inch cold 20430.8 19525.9 9602.4 4.4 50.8 53.0 525.6 511.8
MN13142-360 21729.6 20192.7 12886.7 7.1 36.2 40.7 437.2 423.0




Effect of N fertilizer rate on tuber size distribution and vield:

Cultivars showed a differential response to N fertilizer rates in terms of the tuber size distribution (Table
3). The industry recommendation for tuber size is 68-74% 6 0z tubers and 28-40% 10 oz tubers. At the
N fertilizer rate of 240 Ibs ac™, Russet Burbank had 6 oz and10 oz tubers of 72 and 42 %, respectively.
MN13141 had 78% 6 oz tubers and 50% 10 oz tubers at the same fertilizer rate, which increased
slightly with a planting distance of 15 inches (82% and 55%, respectively). It is interesting to note that at
N fertilization of 360 Ibs ac-1, Russet Burbank had 65% off 6 oz tubers and 35% of 10 oz tubers. But
MN13142 had 80 and 51%, respectively. The effect of spacing was significant for tubers larger than
100z.

The effect of N rate on total tuber yield and marketable yield was not significant. MN13142 clone was
guite comparable to Russet Burbank in terms of total and marketable yield. The highest total yield of
532 cwt-ac™ was recorded in Russet Burbank at 120 Ibs ac™ N fertilizer, followed by 526 cwt-ac™ in
MN13142 fertilized with 240 Ibs ac™. The highest marketable yield of 512 cwt ac™ was recorded in
MN13142, followed by 511 cwt ac™ in Russet Burbank.

Effect of N fertilizer rate on tuber quality:

Various tuber quality parameters like hollow heart, scab, specific gravity, and dry matter content were
recorded for all three N rates (Table 3). The effect of N rate and its interaction with cultivar was not
found significant for scab, hollow heart, specific gravity, or tuber dry matter content. MN13142 had
significantly higher dry matter content and specific gravity than Russet Burbank. This year MN13142
had a slightly higher incidence of scab and hollow heart than Russet Burbank.

Tuber specific gravity (SG) is a crucial trait for the acceptability of new cultivars. MN13142 had a SG
range from 1.0772 to 1.0798. The SG range for Russet Burbank was 1.0706 to 1.0732. MN13142 had
acceptable SG. Irrespective of the cultivars, there was a decline in specific gravity in response to
increasing N fertilizer levels though statistically not significant. That is often one of the adverse effects
of a high N fertilization rate. A similar pattern has been reported previously (Sun et al., 2019).

The effect of N rate on tuber dry matter content was significant. The highest dry matter content of
22.4% was recorded in MN13142 fertilized with 240 Ibs N ac™ and the lowest dry matter content of
18.2% was recorded in Russet Burbank fertilized with an N rate of 360 Ibs ac™.

Conclusion:

The use of certified seeds of MN13142 showed much better yield performance compared to previous
years. The higher percentage of petiole nitrate-N partitioning at the tuber setting stage could have
affected total and marketable yield. Yield, specific gravity, and dry matter contents of MN13142 were
guite comparable to the control cultivar, Russet Burbank. Being a midterm maturing clone, MN13142
was not very responsive to a higher fertilizer rate of 360 Ibs ac™. In our field, MN13142 had higher
optimum petiole nitrate-N and higher partitioning, possibly to developing tubers in our trial. In terms of
tuber quality, MN13142 had a higher incidence of scab and hollow heart than Russet Burbank.
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Table 2: Effect of N fertilizer rate and plant spacing on yield attributes and yield.

Note: values with same letters indicate no significant difference.

Treatment Cultivar N rate S.eed. Seed Yield (CWT-ac'l) % yield in tubers over:
# (lbs/ac) spacing (in.) warmed? | Culled 0-40z. 4-60z 6-100z10-140z >140z. | Total U.S.No.1 U.S.No.2 Marketable| 6 oz. 10 oz
1 Russet Burbank 120 12 Yes 9 21 158 a 177 120 57 ¢ 532 471 40 ab 511 66 d 33e
2 MN13142 120 12 Yes 32 12 75 e 129 88 82 abc 387 362 12 ¢ 374 77 abc 44 bed
3 Russet Burbank 240 12 Yes 9 21 124 b 157 109 105 ab 515 450 44 a 494 72 ¢ 42 cd
4 MN13142 240 9 Yes 24 22 107 bc 172 119 87 abc 507 465 19 bc 485 75 bc 41 cde
5 MN13142 240 12 Yes 18 16 91 cde 138 122 121 a 488 462 10 c 473 78 ab 50 abc
6 MN13142 240 15 Yes 21 16 76 de 138 158 122 a 509 467 26 abc 493 82 a 55 a
7 MN13142 240 12 No 14 14 104 bed 159 134 114 a 526 484 28 abc 512 77 ab 47 be
8 Russet Burbank 360 12 Yes 12 20 159 a 150 114 69 bc 511 447 44 a 492 65 d 35 de
9 MN13142 360 12 Yes 15 15 86 cde 148 142 116 a 507 471 21 bc 492 80 ab 51 ab
Effect of treatment (P-value)| 0.3493 0.1313 <0.0001 0.2713 0.1592 0.0914 0.2048 0.1416 0.0693 0.2071 <0.0001 0.0022
Effect of cultivar (P-value)| 0.0314 0.0034 <0.0001 0.0321 0.5833 0.1454 0.1142 0.3219 0.0001 0.1392 <0.0001 <0.0001
Treatments 1-3,5,8-9 Effect of N rate (P-value)| 0.6198 0.9153 0.4368 0.7225 0.7729 0.3332 0.9744 0.9678 0.8912 0.9693 0.3607 0.3871
Effect of cultivar*N rate (P-value)| 0.4434  0.7090 0.1807 0.7739  0.9703 0.4598 | 0.9800 0.9772 0.7733 0.9850 0.1243 0.4415
Treatments 4 - 6 Effect of spacing (P-value)| 0.8294 0.1342 0.4040 0.0826  0.3536 0.0205 | 0.8560 0.8459 0.5739 0.7891 0.1628 0.0057




Table 3: Effect of N fertilizer rate and plant spacing on tuber quality.

Treatment Cultivar N rate Seed Seed Percentage of tubers Specific gravity Dry matter
# (Ibs/ac)  spacing (in.) warmed? | Hollow heart =~ Brown center Scab P g content (%)
1 Russet Burbank 120 12 Yes 7 0 5 bc 1.0732 ¢ 20.0 bed
2 MN13142 120 12 Yes 9 0 21 a 1.0812 a 21.9 ab
3 Russet Burbank 240 12 Yes 8 0 4 bc 1.0716 ¢ 19.2 cd
4 MN13142 240 9 Yes 10 0 8 bc 1.0798 ab 221 a
5 MN13142 240 12 Yes 16 0 7 bc 1.0788 ab 21.0 abc
6 MN13142 240 15 Yes 9 1 2c 1.0792 ab 224 a
7 MN13142 240 12 No 13 0 9 bc 1.0775 b 219 a
8 Russet Burbank 360 12 Yes 12 0 5 bc 1.0706 c 18.2d
9 MN13142 360 12 Yes 14 1 12 ab 1.0783 ab 222 a
Effect of treatment (P-value) 0.7246 0.4331 0.0709 <0.0001 0.0069
Effect of cultivar (P-value) 0.1102 0.2977 0.0241 <0.0001 0.0016
Treatments 1-3,5,8-9 Effect of N rate (P-value) 0.2396 0.2696 0.2087 0.1393 0.6249
Effect of cultivar*N rate (P-value) 0.5578 0.2696 0.2867 0.9237 0.2995
Treatments 4 -6 Effect of spacing (P-value) 0.8565 0.5102 0.5600 0.7500 0.3633
Note: values with same letters indicate no significant difference.
Effect of N fertilization rate and plant spacing on petiole N
Fig. 1. Effect
of petiole N TUBER INITIATION TUBER BULKING on
potatoes 20000 @ ——— — ——___ total
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5000 A RB-120 532 CWT
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\\\
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Two potato cultivars Russet Burbank and MN13142 were grown at three N fertilizer levels of
120, 240 and 360 Ibs ac-".



Evaluating bruising in storage among new fresh-market and processing varieties.

Darrin Haagenson, USDA-ARS Potato Research Worksite, 311 5™ Ave NE,
East Grand Forks, MN 56721, darrin.haagenson@usda.gov, 218.773.2473 (office),
701.219.4905 (cell)

Summary:

Pressure bruise susceptibility in storage was assessed among several fresh market and
processing clones. Included in this evaluation were several advanced public breeding lines and
commercial checks for comparison. A hydraulic press simulated pile height, and water loss and
bruise incidence was assessed after six months of storage. Varietal differences in water loss and
bruising were detected among fresh market and dual market russet varieties, but no
differences in chip potato bruising or chip quality were detected from chip fields evaluated in
2020.

Plant Material.
Red and yellow evaluation.

Tubers were collected from a Hoople, ND variety trial led by Dr. Andy Robinson. Samples were
placed into pressure totes immediately after grading on October 10, 2019. Each variety was
evaluated across field replicates and treatment bags contained 5 tubers/bag. Tuber water loss,
bruise incidence, and bruise area was assessed after six months of storage (March, 2020).

Dual-market russet evaluation.

Fourteen russet clones were sampled from the USDA-ARS irrigated field location (Hoverson
Farms, Larimore, ND). The clones represent ten advanced public breeding lines including the
Minnesota clone: MN13142. Sample harvest occurred on October 9%, 2019, and duplicate
treatment bags containing 10 tubers/ bag were placed into storage totes within 48 hours of
harvest. Tuber water loss, bruise incidence, and bruise area was assessed after six months of
storage (March, 2020).

Chip variety evaluation.

On September 25, 2019 samples from three chip fields were collected from Hoople, ND grower
facilities. All samples were harvested that morning and the pulp temperature was 54-56°F at
the time of sampling. Samples were brought to the EGF lab and immediately sorted into eight
replicate mesh bags per field with each bag containing eight tubers. Initial bag weights were
recorded, and sample bags were positioned inside the macrobin totes in replicated layers.
Water loss and bruise incidence was assessed after six months of storage. To assess the impact
of storage sample management on bruise severity and chip processing quality, a fluming test
treatment was also conducted. Immediately following the six-month weight loss measurement
designated samples were submerged in water for 15 minutes to examine the impact of fluming
on chip processing quality. Chip quality was measured following continuous processing at
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365°F, 90 seconds using the USDA-ARS Pilot Scale Chip Line. Chip photos and Hunterlab scores
were collected to examine the impact of fluming on chip defect rating.

Pressure adjustment and sampling.

All storage evaluations were conducted in 1000# totes (Macroplastic 32-S Pro-bin; external
dimension 48”1 x 44”w x 30”’h). Totes were stored in one of three storage towers possessing
temperature and humidity control. To ensure proper air flow (1.5 cfm/cwt), the tote floor was
modified by drilling 5/32" holes in a 2" grid pattern. Temperature and humidity was controlled
and monitored with Techmark Inc. 755 Controller and StorTrac™ software.

A pressure plate fabricated from %’ thick UHMW equipped with a 12 % ton bottle jack w/
gauge port (Norco model #76412BG) was placed on the potatoes within the tote. Applied tote
pressure equaled 2.1 lb/in? and is the estimated force exerted within an 18’ pile height. The
desired gauge pressure was achieved by directing the ram into the shelving support structure;
pressure was monitored and adjusted as needed. Daily adjustment was required during initial
storage, and pressure was routinely monitored every 48hr -72h throughout the entire storage
duration.

Humidified air flow through the tote was monitored with a hot-wire anemometer. Reds and
yellows were stored at 40°F and processing varieties (russet and chips) were stored at 46°F.
Bruise incidence and water loss was assessed at 6 months of storage (March 2020).

Results:
Reds and Yellows

Reds. Of the 17 red varieties examined, Sangre was far superior in low bruise incidence and
severity. On average, Sangre had 1.2 bruises per tuber with an average bruised area of only 0.8
in2. In comparison, Red Norland had 2.5 bruises per tuber with an impacted area of 1.6 in?,
which was similar to the experimental mean for bruise number per tuber (3.3) and average
bruise area per tuber (2.0 in?). In agreement with previous studies, increasing tuber water loss
was associated with increased bruise number and severity. Autumn Rose and ‘Public -2’ clone
had the highest six-month weight loss of 9.8 and 10.2%, respectively. The weight loss from
these two varieties corresponded with the highest bruise number of 4.9 and 4.8 bruises per
tuber. Please refer to Table 1 for complete list of red variety 2019-20 storage performance. A
second year of this field study is being repeated in the 2020-21 storage cycle and bruising notes

will be collected in March 2021.

Yellows.
Of the 25 yellow varieties reported, little significant differences in bruising incidence and bruise
severity were detected among yellow varieties examined in 2019-20. On average, 3.2 bruises



per tuber were measured with an average bruise area of 1.6 in2. The range in bruise incidence
was 1.9 to 4.5 bruises/tuber, and range in bruise area was 0.7 to 2.5 in?, respectively. Although
significant differences in bruising were difficult to detect among the yellow varieties examined
in 2019-20, significant water losses were observed. At six months of storage at 40°F, 6 of the 25
varieties had a >9% weight loss. In contrast, 8 varieties had less than 7% weight loss. Please
refer to Table 2 for a complete list of yellow variety six-month storage performance. A second
year of this field study is being repeated in the 2020-21 storage cycle and bruising notes will be
collected in March 2021.

Russets

Significant differences in weight loss, bruise incidence, and bruise area were detected among
the 14 Russet varieties examined in 2019-20 (Table 3). Three numbered breeding lines
(MN13142, Public -9, and Public -2) had less than 7% water loss at six months of storage, in
contrast to Bannock that lost 14.2%. MN13142 and Public-9 had the lowest bruise number
(0.9, 1.4) and impacted area per tuber (0.3 and 0.7 in?). Although MN13142 and Public -9 had
had the lowest reported bruising (0.9 and 1.4), this bruise incidence was not significantly
different than Russet Burbank’s bruise incidence (2.2) and area (1.8in?).

Although effort was taken to sample tubers of uniform size and shape, it must be noted that
tubers of MN13142 and Public -9 were generally smaller than that from other varieties. Tuber
size is reported as a percentage of Burbank area (Table 3). However, the impact of tuber size
on bruising is unclear as bruise incidence from smaller tubers of ‘Public -8’ (85% of Burbank
size) had significantly higher bruise number (5.6 bruise/tuber) and bruise area (4.1 in?) when
compared to Burbank.

Chips

In 2018, we observed a close association between increased water loss and increased bruising
from chip samples stored at four months. However, during this four-month storage
examination, pressure bruising did not impact tuber flesh discoloration and no chip defects
were observed. Inthe 2019-20 storage evaluations, the storage duration was extended from
four to six months and the impact of post storage fluming time on tuber discoloration and chip
color (Hunterlab score) was investigated.

No significant differences in water loss and bruising were detected among the chip fields
sampled in 2019-20. However, unlike the 2018-19 storage campaign, a flesh coloration
response was observed in the 2019-20 study (Figure 1). An orange/yellow flesh color is
observed in flattened areas. Bruising also resulted in off color chips, but no significant
differences in HunterLab scores were detected from the field samples examined in 2020 (Figure
2). In addition, there was no impact of fluming on bruise color development and chip defect
rating (data not shown).

Although no differences were detected among the three fields samples, this study is being



repeated in 2020-21. In addition to three grower fields, 11 advanced chip lines participating in
the 2020 Potatoes USA SNAC trial are also included in the current study that will conclude in
March, 2021.

USDA-ARS Grading Update Funding Acknowledgement

In January 2020, a new grading line was installed at the USDA-ARS East Grand Fork’s Facility.
With grower funds, warehouse grading lighting improvements were made in the summer of
2020. This permitted successful use of grader in the Fall of 2020 by NDSU and UMN research
groups: Robinson, Thompson, Shannon, and Hatterman-Valenti.



Table 1. Weight loss and bruising after 6 months of storage_Reds (2019-20)

Variety? Water loss (%)?>  Bruise/tuber Bruise area / tuber (in?)
Public - 8 5.8 33 1.7
ND13282C-1R 6.2 2.6 1.4
Red Norland 6.4 2.5 1.6
Roko 6.4 2.4 1.2
Public -7 6.5 2.5 1.7
Sangre 7.0 1.2 0.8
ND081571-2R 7.3 3.7 2.3
Dark Red Norland 7.4 3.4 2.0
ND113207-1R 7.5 3.5 2.0
Red Pontiac 8.0 2.8 2.1
Red Prairie 8.1 3.9 2.2
Cerata 8.9 3.7 2.8
ND13241C-6R 8.9 3.4 2.5
ND102990B-3R 8.9 3.9 2.7
Public -1 9.1 3.8 2.3
Autumn Rose 9.8 4.9 24
Public -2 10.2 4.8 3.0
Mean 7.8 3.3 2.0
LSD (P<0.05)3 2.0 1.4 1.0
CV (%) 1.5 1.9 1.3

1

Eight numbered clones from Public breeding lines were included in the study.
Varieties were sorted by increasing water loss at 6 months of storage.
An F-protect LSD was calculated for variety mean comparison



Table 2. Weight loss and bruising after 6 months of storage_Yellows (2019-20)

Variety? Water Loss (%)? Bruise/Tuber Bruise area / tuber (in?)
Public-5 5.3 2.3 1.2
Obama 5.3 2.3 0.7
Public- 4 6.0 3.4 1.1
Electra 6.4 3.1 0.9
Public - 2 6.4 2.7 1.0
Public -7 6.7 35 1.8
Noelle 6.9 2.3 0.9
Public -3 6.9 1.9 1.0
Mariola 7.1 3.0 1.4
Public - 6 7.2 3.0 1.4
Actrice 7.3 4.1 2.5
Public-1 7.3 33 1.4
ND1241-1Y 8.1 2.4 13
Milva 8.1 4.0 15
Crop 58 8.1 3.3 1.7
Agata 8.2 3.7 2.5
NDA081451CB-1CY 8.2 3.2 13
Crop 49 8.3 34 1.9
Crop 80 8.4 4.2 2.0
Musica 9.0 4.5 2.0
Arizona 9.1 3.8 2.2
Lanorma 9.4 3.1 2.4
Nicola 9.6 2.4 1.2
Alegria 9.6 3.9 2.4
Belmonda 9.6 4.3 2.2
Mean 7.7 3.2 1.6
LSD (P<0.05) 1.5 2.0 0.9
CV (%) 2.3 3.0 1.4
! Nine numbered clones from Public breeding lines were included in the study.
2 Varieties were sorted by increasing water loss at 6 months of storage.

3 An F-protect LSD was calculated for variety mean comparison



Table 3. Weight loss and bruising after 6 months of storage_Russet (2019-20)

Variety! Water Loss (%)?> Bruise/Tuber Bruise area / tuber (in2) Tuber size*
MN 13142 6.1 0.9 0.3 77.7
Public -9 6.4 1.4 0.7 83.1
Public-1 6.8 2.7 15 91.8
Public -2 7.4 2.1 1.0 97.4
Russet Burbank 8.5 2.2 1.8 100.0
Prospect 8.9 4.9 2.7 95.7
Public -3 8.9 4.4 4.2 121.1
Dakota Russet 9.4 4.2 3.4 108.2
Public -4 9.5 4.1 3.3 94.7
Public -5 9.6 34 2.6 82.5
Public -6 10.1 3.6 2.3 100.4
Public -7 10.2 34 13 84.6
Public -8 10.6 5.6 4.1 85.4
Bannock 14.2 4.1 1.9 102.0
Mean 9.0 3.4 1.9
LSD (P<0.05)3 2.6 1.3 1.8
CV (%) 10.9 5.6 7.4

! Nine numbered clones from Public breeding lines were included in the study.

2 Varieties were sorted by increasing water loss at 6 months of storage.

3 An F-protect LSD was calculated for mean comparison

4 Tuber size is reported as a size percentage of Russet Burbank



Table 4. Weight loss and bruising after 6 months of storage_Chip (2019-20)

Variety Field Flume! WaterLoss (%) Bruise/Tuber Bruise area / tuber (in?)
X3 H No 11.0 4.4 2.4
X’ H Yes 10.8 4.1 2.0
X’ L No 10.8 3.9 2.8
X’ L Yes 10.8 4.1 2.4
Waneta E No 10.7 3.8 2.1
Waneta E Yes 10.2 4.1 3.2
Mean 10.7 4.1 2.5
LSD (P<0.05) ns? ns ns

L After six-month weight loss was recorded, tubers were submerged in water for 15 minutes.

2 An F-protect LSD was calculated for mean comparison and no significant (ns) differences
were detected in water loss and bruising.

3 Variety ‘X’ is a coded proprietary variety.



Figure 1.

Fluming for 15 minutes did not impact bruised tissue color development. After bruise notes
were recorded, steam peeling revealed similar flesh discoloration under flattened areas
between both flume (+) and unflumed (-) samples.

- Flume

+ Flume

‘X’-Field H X’-Field L Waneta

Figure 2.
Fluming did not impact chip defect ratings as quantified by Hunterlab score (data not shown).



Management of Colorado Potato Beetle 2020

Dr. lan MacRae,
Dept. of Entomology,
U. Minnesota Northwest
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2900 University Ave.
Crookston, MN 56716
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218 281-8611 Office
218 281-8603 Fax

Executive Summary — This is a project to develop and refine management tactics for Colorado
Potato Beetles in Minnesota and North Dakota. This proposal will include: 1) assessing
insecticide resistance of adult Colorado potato beetle in Minnesota and North Dakota to
insecticides currently available in management, 2) Evaluating the efficacy of registered
insecticides with the addition of Piperonyl Butoxide, including the efficacy over 2-3 generations,
and 3) Evaluate the efficacy of CPB as a vector of potato virus disease (esp, Potato Virus Y).
This information will assist in assessing the need for and developing appropriate foliar
management programs in anticipation of decreasing availability and/or efficacy of soil applied
insecticides.

Rationale — Colorado Potato Beetle (CPB), Leptinotarsa decemlineata Say is the most
damaging defoliating insect pest of potatoes in North America (Alyokhin 2009). In the past 25
years, at-plant applications of neonicotinoid insecticides have effectively controlled CPB
populations. Unfortunately this insect has a pronounced ability to develop insecticide resistance
(Weisz et al. 1994, Alyokhin et al. 2007, Huseth et al. 2014). Resistance issues have been
documented in Central MN for several years, and recent data on CPB populations in the Red
River Valley (RRV) also indicate increasing tolerance for neonicotinoid insecticides (Table 1).

Populations of CPB in MN and ND show varying levels of resistance (MacRae, NPPGA & Area
Il Research reports 2012-14, 2017-19) and control failures and decreased efficacy with at least
three neonicotinoid insecticides (imidacloprid, thiomethoxam and clothianidin) have been
reported. Data from 2012-14 and 2017-19 indicate that tolerance to neonicotinoids varies by
location within the two states but is increasing in both. This building resistance is not the only
challenge to the continued use of neonicotinoid insecticides. Issues with pollinators and data
linking the leaching of neonicotinoids into ground-water systems (Goulson 2013, Huseth &
Groves 2014, Hladik et al. 2014) has precipitated regulatory issues. In 2016, a Governor’s
directive ordered increased regulation of neonicotinoids in Minnesota. The Environmental
Protection Agency will soon be completing their review on Imidacloprid, Clothianidin,
thiomethoxam and acetamiprid later in 2020 and have already announced their Interim
regulatory decisions.

In addition, an extended summer emergence of overwintered adult CPB has stretched the
presence of adults later in the summer. This has resulted in an erosion of the typical two
seasonal population peaks. The seasonal presence of CPB is now more evenly dispersed
across the season and presents a more persistent defoliation problem, precipitating the need for
additional within season foliar applications of insecticides.

This extended emergence is thought to be a behavioral form of resistance. The late emerging
beetles are susceptible to neonicotinoid insecticides and represent that portion of the
susceptible population that is genetically programmed to emerge later in the season (Szendrei
et al. 2012). If a beetle susceptible to neonicotinoid insecticides emerges early in the season
into a field treated at-plant with a neonicotinoid, they will die. However, later in the season, the


mailto:imacrae@umn.edu

able |, Resistance raes of Colorado potaio-bestles toregisteradinsaecicides sampled-fromdocations in MN& N D-in-2018-153. -The resistance rate-
expressed hereis the-amount-compared tochigh Isbeled rate-ofinsecticde required to-cause BT -mortality-{L Dw) of the-sampled population.-Some-
lecations listed were-sampled-in both 2015-and 2015, Valyes < 1¥ indicate-susceptibilityto thatinsecicde. Values=1X - mayindicae-developing-
tolerance. Values =3X indicate low Jevelsofresistance. Values> 10X indicate welkdeweloped resisence
Locations Froducta Inzecticide-Group{zrp| Resistae- ([ Locations Froducta Insecticide-Group{grp. Resistami:‘l:
Noja (X-high- Nojo {X-high1a
label rate): rateys
Argyila Abzmactin- Avemectinz{f)= 012X nbbardn |Abemectin{Apihl=lf | Avemactinz{6)f EXT
(Agrihleln [ lothizmidingBalay] Neonicotinoid={4.A0 1X7
[Thicm sthorzm {Ackr=)] | Neomicotinoids{4.4)] 6T
Fonaxvprr{Cozs=n)l | AnthrenilicDizmides {25 X7
Spinosad{Beddewil)s | Spinosyns{3= 1Xo
iflgn Abamectin- Avermectins{§)f 139 arimorea [ClothiznidingBalay)iz Nepnicotinoids{4A= L]
(Ain= 1 bl
clothiznidindBalzd] | Neonicotinoids{4.4)] 1X9
Thigemethogzm - Neonicotinoids{4.4)] 1957
(Actzmz)*T 0 T
Rynzzvpyr AnthraniticTHamides- 21X7
(Corma)™] a8 T
Spinoezd- Spinceyns {3 1X9
(Blackhawk)] 1 bl
Tolfenpyrad {Torzc)s | METIs* {11 15X
Beckera Imidzcloprid- Neonicotinoids{4.4)] 23AY  |(WeCanman [[midacloprid { Admir= Pro)| Meonicotinoids{4.47 oNT
{Admir=-Pro)] 1 Ll I lothizmidingBalayis Nepnicotinoids{4A% 45Xo
Clothiznidin{Balzy)] | Neonicotinoids{4.47 11359
Spinoezd- Spinosyns {30 ]
(Blackhawi)=
Bentrpa Abzmectin: Avermectins{8)] 137 erhama  AbsmectinApril=ils | Avermecting{f)= 03xe
(Aprin=T 1 1
Spinoe=d- Spinoeyns{T= 1Xm
(Blackhawi)=
Big-Lakea | Abameactin: Awermectins{5)] Xl icen |Abemectin (A=) [ Avermectinz{§)T JET
(Apin=T 1 1 [Clothiznidin{Belad*] | Neonicotinoids{4.4)] 4957
Clothiznidin{Balzy)] | Neonicotinoids{4.40 AT [Thicensthomzm { Actrz)*| Neonicotinoids{4.4)] 10%Y
Thigemethogzm - Neonicotinoids{4.4)] 6XT Fornaxypyr{Cozgn)™ | AntheenilicDizmides {28 1X**]
(Actzrz)f 1 1 Epinocad (Bleckhewis | Spinosyns{fj= 15Kn
Spinos=d- Spinosyns {32 4Xo
(Blackhawi)=
Clearwaem | Imidacloprid- Neonicotinoids{4.4)] 17 n |Absmectin{ApriM=k)] |Avermectinz{5)] 1X9
{AdmirePro)] 1 bl [Clothiznidin{Balay] Neonicotinoids{4.4)] 1X7
Clothiznidin{Belzy)] | Neonicotinoids{4.4)] GOXY [Thicm sthorzm {Ackr=)] | Neomicotinoids{4.4)] XY
Abamectin: Awermectins{f)= 18Km Epinocad (Bleckhewis | Spinosyns{fj= 28K
(Apihets
Crookstana | Abzmectin: Avermectins{§)f 1X9 abina [l idacloprid { Admire Pro)] Meomnicotinoids{4.40 fXo
(Apin=n] 1 1
Clothiznidin{Balzy)] | Neonicotinoids{4.47 1X7
Thigemethorzm - Neonicotinoids{4.4Y] 437
(Actarz)f 1 bl
SLEpET AnthranilicDizmides- 137
Comznf Qs T
Spinoe=d- Spinosyns {32 L]
(Blackhawi)=
Erskinga Thigem=thogzm - Neonicotinoids{4.43 2o filhwatera [Spinosad {Enmusic Spinosyns {3 10X
(Actzrz)n
Farest- Imidacloprid- Neonicotinoids{4.4)] 10ET  ([(Festern-WAbemectin{April=i)s | Avermecting{f)= X
Rivera {Admir=-Pro)] 1 bl
Clothiznidin{Bslzdis | Neonicotinoids{4.4% 3K
*METI=Mitochodrial-Complex TElectron Transport InhibitorsT
**Updated frompreviowsyear-higher rate-of 24 {thought tobe-n result-oFhmdling mortalityin -2 01 8-

concentration of insecticide in plants will drop because the insecticide is starting to degrade and
the remaining insecticide is being diluted by continued growth of the plant (Huseth & Groves
2010). Consequently, the use of neonicotinoids applied at-plant has selected against early
emerging susceptible CPB. The end result is that the later emerging adults survive, mate and



lay eggs later in the season, leading to the extended presence of eggs, larvae and adults into
the mid season.

Data from 2018-19 indicates in some locations, not only is the efficacy of neonicotinoid
insecticides decreasing, but efficacy of other modes of action is occurring as well (Table 1). This
decreasing sensitivity to other insecticides is especially concerning. Populations of CPB
collected from some sites in central MN showed tolerance to Abamectin (e.g. AgriMek)
insecticides, CPB from a site in ND showed increased tolerance of the Diamide,
Chloratraniliprole (Rynaxypyr = Coragen). Populations from two sites in MN showed significant
levels of resistance to Spinosyns (Spinosad = Blackhawk & Spintor). These latter sites,
however, were isolated organic production fields which had relied heavily on Spinosad for
several years.

If foliar management programs are to remain effective against Minnesota and North Dakota
CPB populations, we must manage potential resistance. It is desirable to know prior to
application if products are effective. Consequently, information on the relative efficacy of the
available insecticides is necessary to develop working insecticide resistance management
programs.

One of the most frequent methods whereby insects gain tolerance of insecticide activity is
through enzymatic degradation. Ininsects, Cytochromes P-450 (CYPs) are a family of mixed
function oxidases; enzymes that use oxidative reduction to break down a wide variety of
compounds, including xenobiotics . Xenobiotics are chemical substances found in a body that
was nhot produced or expected to even be in that organism, including environmental pollutants,
toxins, drugs and pesticides. The CYPs in certain insect species can denature and metabolize
insecticides before they can reach their target site. Neurotoxins, for example, would be broken
down before they can reach the area on the neuron that they attack. Piperonyl Butoxide (PBO)
is a synergist that suppresses the activity of CYPs. So when PBO is added to insecticides, it
acts as a synergist, reducing enzymatic degradation and resulting in more of the active
ingredient reaching the target site, increasing the insecticide’s efficacy. The use of PBO has
recently been linked to lower dose but increased efficacy of several insecticides including
AgriMek (Sygenta Crop Protection) and Torac (Nichino America).

Colorado Potato Beetle are efficient defoliators with adults consuming up to 10cm? of plant
material /day and they are highly mobile when feeding. After row and canopy closure, CPB
larvae and adults often move from plant to plant spreading areas of defoliation from points of
initial colonization. The mechanical transmission of certain potato diseases, (e.g. Potato Virus Y
or PVY) has been demonstrated on cutting tables (e.g. Bradley 1954, Fageria et al 2015) and by
a variety of post-emergent crop management activities (MacKenzie et al 2018). In fact,
transmission of PVY by aphids can be described as mechanical transmission as it involves virus
particles adhered to the aphid’s mouthparts that get wiped off when the aphid feeds on a new
plant. While Colorado Potato Beetle is generally assumed to be a non-vector of PVY and other
potato virus diseases, there are few, if any, published databases providing evidence of this.
Other beetle species have been shown to transmit non-persistent virus, as is PVY, in a variety
of cropping systems (Fulton et al. 1987). The newly demonstrated ease with which PVY can be
mechanically transmitted by operational activities and the aggressive feeding and movement
habits of CPB do, however, raise questions. The potential role of CPB in potato epidemiology
should be examined.

This project proposes to:

1. Continue monitoring for CPB resistance to different insecticide modes of actions,
especially foliar applied classes of insecticide,



2. Evaluate the potential for improving insecticide efficacy through the use of PBO in
various insecticide modes of action
3. Assess the potential role of Colorado Potato Beetle in potato disease epidemiology

Procedures

1) Monitoring for insecticide resistance in Colorado Potato beetle - CPB adults will be
sampled by UMN personnel from potato production areas within Minnesota and North Dakota.
Samples will also be solicited from locations in the two states (especially from producers
experiencing a failure), shipping materials will be supplied to anyone wishing to supply sufficient
numbers of beetles to be tested. To adequately test each insecticide with adequate replication,
approximately 1500-2500 beetles per location will be required.

Previous results and within-season insecticide failures reported by producers and ag
professionals will target locations to be sampled in 2020. Overwintering and summer adults
(when available) will be sampled, although higher resistance levels are expected to be found in
summer adults of the same location (the beetles’ detoxification systems are somewhat impaired
by overwintering). Larvae will not be sampled due to the difficulty in successfully transporting
and maintaining this life stage of the beetle (handling mortality is extremely high).

Sampled beetles will be assessed for susceptibility to representative registered insecticides; in
2020 the focus will be on abamectins, spinosyns and other modes of action will be tested as
indicated from field failures. We will only test for neonicotinoid resistance upon request,
increasing tolerance in MN and ND has already been well documented for this mode of action.

Resistance / tolerance of CPB from each area will be assessed using direct exposure tests. A
gradient of concentrations of active ingredient (ai), the actual toxin in the insecticide, will be
used in trials to create a dose curve that indicates the amount of ai necessary kill 50% of the
population (i.e. the Lethal Dose 50% or ‘LDsy’). Direct exposure trials are conducted by applying
10ul (microliter) drops of insecticide directly to the insect using a micro-applicator (Fig 1). After
the insecticide has dried, beetles will be placed onto a potato leaf in Petri plates and left to feed
for 5-7 days (120h). Beetles will be initially assessed for mortality at 24h to determine any
handling mortality. As CPB often appear intoxicated immediately after exposure but recover
after several days, mortality will again be assessed 5-7 days post application (min. of 120h).
Mortality is assessed by placing beetles on their backs and evaluating movement. Any insect
not righting itself is assessed as dead or moribund.

Insecticide resistance is the result of an insect’s
genotype. The only way to determine if a population
of insects is truly resistant is to calculate the LDs, of
a suspected resistant population and compare it to
that of population known to be susceptible to the
insecticide. We have obtained and are maintaining
a ‘naive’ (never exposed to insecticides) CPB
colony in the NWROC lab, which should facilitate
this research. The LDs, values of sampled and
susceptible populations will be compared using
Figure 1. Microapp“cator; dispenses 10 PROBIT analyses. These analyses will prOVide a
microliters per button push. measurement of how much more insecticide it takes
to kill the sampled population than it does to kill the

susceptible population.

Regional levels of insecticide insensitivity for each insecticide will be calculated and mapped for
Minnesota and North Dakota. To facilitate management decisions in the next growing season,



annual maps will be made available for publication in Valley Potato grower and available on a
potato entomology website to be established at University of Minnesota.

2) Improving insecticide efficacy through PBO — with limited modes of action available for
managing Colorado Potato beetle and some of those beginning to demonstrate decreasing
efficacy, obtaining limited use of some older, less effective chemistries may be worthwhile. If
tolerance to some of these older chemistries can be ameliorated with the addition of PBO, they
may be a worthwhile and economically viable addition to the resistance management ‘ mode of

action rotation’. In addition, several newer chemistries have potential to be highly effective at

their lower label rates when used -
with PBO. Obaining the same Table _2.I Insect|_0|de cl_aﬁse_s (and plroducts_)dto be tested for
control using lower rates has definite | _POtential synergism with Piperonyl Butoxide.
environmental benefits and, gLZS:qfc‘tgnrgrzg' ((Ap;‘?\zlgl?) 'ggbsllaRcate ZE’O
depending on the relative costs, ! ! -2 02
. : . Abamectin grp 6 (AgriMek) 3.5 0z/ac Yes
provide an added economic benefit. Abamectin grp 6 (AgriMek) 175 02/t Yos
Replicated small plots (4 row x 25) METI grp 21A (Torac) 21 ozlac No
will be established at the NWROC in || METI" grp 21A (Torac) 21 oz/ac Yes
Crookston and the UMN Sand Plains || METI” grp 21A (Torac) 14 oz/ac Yes
Research Farm in Becker. Naturally || Diamides grp 28 (Coragen) 7.5 0z/ac No
established populations of CPB will Diamides grp 28 (Coragen) 7.5 oz/ac Yes
be treated with foliar applications of || _Diamides grp 28 (Coragen) 3.5 oz/ac Yes
insecticides representing 5 different  ||-SPInosyns grp 5 (Blackhawk) 3.3 oz/ac No
classes (modes of action) (Table 2).  [|-SRinosyns grp 5 (Blackhawk) 3.3 ozfac Yes
. s Spinosyns grp 5 (Blackhawk) 1.7 oz/ac Yes
Three different application . . .
. Synthetic Pyrethroid grp3 1.92 oz/ac (Warrior) No
treatments for each class will be (Warrior 11 or other)
applied: 'the high label rat(—?, W_'thOUt Synthetic Pyrethroid grp 3 1.92 oz/ac (Warrior) Yes
PBO (mirrors current application (Warrior 11 or other)
practice), high label rates with PBO Synthetic Pyrethroid grp 3 1.28 oz.ac (Warrior) Yes
(to see if there is a synergistic (Warrior 11 or other)
improvement in efficacy), low label

rate with PBO (to evaluate potential
for economic and environmental savings.

Populations of some insects have shown resistance to PBO synergized insecticides. This may
be through genes whereby the CYP system is ‘supercharged’ or because the genes for an
alternative resistance mechanism have been magnified in the population through selection
pressure. To assess if this will be an immediate concern, laboratory trials will be conducted on
more limited scales, examining the potential for development of resistance to products with
PBO. Lab colonies will be started from local CPB populations involved in the field trials. This
lab colony will be maintained over 2-3 generations and fed on greenhouse plants treated with
representative insecticides mixed with PBO. Survivors will be used to mix into the lab colony to
mirror field populations over time. Any tolerance to the insecticides with PBO added will be
noted and populations will be assessed for resistance rates to insecticides with PBO.

3) Assess role of CPB in potato disease — this research will incorporate both a greenhouse
component and field tests. Potato plants, both infected with PVY and non-infected, will be
established in the greenhouse at the NWROC in Crookston. Infected plants will be grown in
cages and kept separate from non-infected plants. Plants will be tested prior to trials and after
for PVY infection using Enzyme-Linked Immunosorbent Assay (ELISA) strips to confirm disease
status. Beetles from lab colonies will be allowed to feed on infected plants for 2 days. This will
ensure adequate defoliation to expose the beetles to PVY virus within infected plants. Virus
transmission will be assessed by percent of plants infected with PVY by beetle feeding.



Rates of virus transmission in the lab are often not reflected by what is seen in the field. Field
plots will established at the NWROC in Crookston with both PVY infected and non-infected
(clean) plants. Infected plants will be established either by planting infected seed or infecting
emerged plants with PVY inoculum, depending on the availability of seed. Clean plants will be
caged (4 plants per cage in 16 cages) at emergence to exclude beetles and known PVY vectors
to prevent inoculation prior to the trial. Naturally established beetles (i.e. local populations) will
be allowed to feed on PVY infected plants for 2 weeks (shorter if excessive defoliation occurs).
Cages on non-infected plants will be removed at a rate of 4 cages per week for 4 weeks and
plants confirmed to still be PVY free with ELISA strips. CPB will then be allowed to transfer and
feed on clean plants over the next several weeks. Prior to complete defoliation, CPB will be
removed with insecticides. Plants will allowed to complete development. Tubers will be
collected at harvest, held in cold storage and then treated with gibberellic acid to encourage
sprouting. Tubers will planted in the greenhouse and daughter plants tested for PVY using
ELISA.

Field trials for CPB transmission of PVY will be conducted in June and will not continue into
July. This is decrease the potential of having aphid vectored PVY transmission.

This laboratory portion of this trial has additional funding from a MDA Specialty Crops Block
Grant. If the field work provides positive data, however, it will provide the preliminary data for a
larger field study that will be submitted to a competitive, federal funding source.

Results & Discussion:

COVID-19 Impacts — the University of Minnesota’s COVI-19 restrictions put in place to
safeguard the health and welfare of their Students, staff and faculty prevented establishing and
maintaining a research effort at the Sand Plains Research Farm in Becker. All field research in
2020 was therefore conducted at the NWROC in Crookston, limiting space available for field
trials. Trials focusing on responses in individual insects (e.g. disease transmission, etc), were
conducted in the laboratory or greenhouse when possible.

1) Monitoring for insecticide resistance in Colorado Potato beetle — The above mentioned
ravel difficulties prevented widespread sampling of MN and ND beetle populations. There were
two locations sampled, fields near Clearwater and Rice, MN were sampled in early August.

2) Improving insecticide efficacy through PBO — This trial was conducted in the field at the
NWROC in Crookston. The effect of including PBO varied among the modes of action tested,
and included some surprising results. Consequently, it's best to consider the impacts of each
independently. The insect counts differentiated between adults, large larvae, small larvae, and
eggs per plant. The feeding stages (adults and both larval stages) were also combined into
Total Feeding Stages / plant at each date. The percent defoliation in each plot was recorded at
each date. Cumulative feeding stages (the accumulated average number of feeding staged
beetles per plant throughout the entire trial). It is important to remember that Piperonyl Butoxide
(PBO) works by decreasing an insect’s ability to enzymatically degrade the active ingredient
before it reaches its target site (the location in the insect that is affected by the active
ingredient). If an insecticide is enzymatically degraded by the Cytochrome P-450 group, PBO
can increase the amount of toxin to reach the target site. Consequently, there are
circumstances where PBO will not be effective. If the insecticide is not broken down byt the P-
450 CYPs and insects are susceptible to the insecticidal mode of action being used, there
should be minimal additional activity from adding PBO. In addition, if the enzymatic degradation
of an insecticide is being expressed at a very high level (i.e. the insect is highly resistant to the
insecticide), the inclusion of PBO may not significantly increase the efficacy of an insecticide to



the point where it matters (there may already be a lot of insects surviving). Yield data was
obtained but cannot be correlated to treatment. This is because the trial was ended prior to the
end of the growing season in an attempt to use the plots in other trials due to the shortage of
plot space. This may have confounded the relationships of yields to treatments in this trial so
they are not included in this report. The most important data, however, are the relationships
between the insecticide treatments and insect numbers.

Abamectins (AgriMek): Results of incorporating PBO with AgriMek were not expected. While
PBO has been documented as increasing the efficacy of AgriMek in Central MN, similar results
were not seen in the Red River Valley populations. This is likely due to the fact that these
populations remain susceptible to Abamectins. At all sample dates, the inclusion of PBO in
Abamectin applications did not effect the number of any life stage or the total feeding stages of
CPB (Table 3). Neither was there any effect on the percent defoliation in plots sprayed with
either Abamectin alone or Abamectin & PBO (Table 4)

Table 3. Analysis of Variance (ANOVA) of all feeding stages of Colorado Potato Beetle in plots treated with
either AgriMek or AgriMek with PBO added. P-values below 0.05 are considered significantly different (i.e. a
real difference, no overlap of data). Adding PBO to AgriMek did not improve it’s efficacy.
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Table 4. Analysis of Variance (ANOVA) of the percentage of defoliation of plants in plots treated with either
AgriMek or AgriMek with PBO added. P-values below 0.05 are considered significantly different (i.e. a real
difference, no overlap of data). Adding PBO to AgriMek did not prevent any additional defoliation.

%0 T T T
22 =
éwaa— B
w
DI
Sk N
o
- 108 - -
Source Type lll SS df | Mean Squares | F-Ratio| p-Value . . ‘ .
TREATMENT$ 454 408 2 227.204| 0.362 0.697 & &
Error 148,690.525 | 237 627.386 A

Mitochondrial Electron Transfer Inhibitors (METI) (Torac): The addition of PBO to Torac
provided a significant improvement in efficacy. The 210z rate of Torac with PBO had sigficantly
fewer total feeding stages at each sample date than either the 210z rate alone or the 140z rate




with PBO (Table 5). This was reflected by the Torac 210z with PBO treatment plots having
significantly less defoliation than the plots treated with Torac 140z with PBO (Table 6). In fact
plots treated with Torac at a 210z rate with PBO added had significantly fewer feeding stages of
CPB throughout the trial and suffered less defoliation than did plots treated with either of the
other treatments.

Table 5. Analysis of Variance (ANOVA) of all feeding stages of Colorado Potato Beetle in plots treated with
either Torac or Torac with PBO added. P-values below 0.05 are considered significantly different (i.e. a real
difference, no overlap of data). Adding PBO tot Torac 210z improved the efficacy of this treatment.
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Table 6. Analysis of Variance (ANOVA) of the percentage of defoliation of plants in plots treated with either
Torac or Torac with PBO added. P-values below 0.05 are considered significantly different (i.e. a real difference,
no overlap of data). Adding PBO to Torac 210z decreased defoliation; plots treated with Torac at a 210z rate with
PBO added had less defoliation than did plots treated with either Torac at 140z with PBO or Torac 210z without
PBO.
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Anthrenilic Diamides (Coragen): The addition of PBO to Coragen did not improve its efficacy.
Plots treated with Coragen with PBO had similar numbers of feeding stages and suffered similar
levels of defoliation as did plots treated with Coragen without PBO. The addition of PBO to
Coragen did not incrase the insecticide’s efficacy (Table 7). Consequently, the addition of PBO
to Coragen had no effect on defoliation either (Table 8). This was not surprising; the diamides
are probably not enzymatically degraded quickly enough to decrease the amount of active



ingredient reaching the target site. The P-450 group has not been well documented as being
involved in the detoxification of diamides; it's thought that diamide resistance is the result of
another mechanism. There is some evidence that there is potential for cross resistance
between the diamides and the neonicotinoids.

Table 7. Analysis of Variance (ANOVA) of all feeding stages of Colorado Potato Beetle in plots treated with

either Coragen or Coragen with PBO added. P-values below 0.05 are considered significantly different (i.e. a real

difference, no overlap of data). Adding PBO tot Coragen did not improve its efficacy.
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Table 8. Analysis of Variance (ANOVA) of the percentage of defoliation of plants in plots treated with either
Coragen or Coragen with PBO added. P-values below 0.05 are considered significantly different (i.e. a real
difference, no overlap of data). Plots treated with Coragen with PBO suffered the same amount of defoliation as
did plots treated with Coragen alone.
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Spinosyns (Blackhawk): The addition of PBO to Blackhawk had an antagonistic effect, it

decreased the efficacy of this insecticide. There was no difference in the number of feeding
stages of CPB in plots sprayed with either Blackhawk at a 1.70z rate with PBO added and
Blackhawk at a 3.30z rate without PBO. But when PBO was added to the 3.30z rate of
Blackhawk, these plots had significantly more feeding stages on average than either of the other



treatments (Table 9). Piperonyl butoxide decreased the toxicity of Blackhawk. Oddly, this did
not completely correspond with defoliation data. Plots treated with Blackhawk 3.30z with PBO
did suffer significantly more defoliation than did plots treated with Blackhawk1.70z with PBO, but
there was no difference in defoliation of plots treated with either of the 3.30z Blackhawk rates
(i.e. with or without PBO). An antagonistic effect with PBO has been documented in several
insecticides, including Chlorpyrifos (Lorsban) in several cropping systems. Piperonyl Butoxide
can in some insects cause a humber of physiological responses other than suppression of the

Table 9. Analysis of Variance (ANOVA) of all feeding stages of Colorado Potato Beetle in plots treated with
either Blackhawk or Blackhawk with PBO added. P-values below 0.05 are considered significantly different (i.e.
a real difference, no overlap of data). Adding PBO to Blackhawk actually decreased its efficacy.
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Table 10. Analysis of Variance (ANOVA) of the percentage of defoliation of plants in plots treated with either
Blackhawk or Blackhawk with PBO added. P-values below 0.05 are considered significantly different (i.e. a real
difference, no overlap of data). Plots treated with Blackhawk at a 30z rate with PBO added suffered more
defoliation than did plots treated Backhawk at a 1.70z rate with PBO Added. There was no difference in
defoliation between plots treated with Blackhawk 210z with or without PBO.
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P-450 CYPs, some of which can result in decreasing the efficacy of the active ingredient on that

insect.




Synthetic Pyrethroids (Warrior 11): The Synthetic Pyrethroids have been used extensively
against Colorado Potato Beetle in the Red River Valley. They have been relatively ineffective
against CPB due to the well-established resistance seen in the local CPB populations. Adding
PBO to Warrior applied at the 1.92 oz rate had no effect on either efficacy or defoliation. Plots
treated with Warrior Il with PBO or without PBO had similar numbers of feeding stages of CPB

Table 11. Analysis of Variance (ANOVA) of all feeding stages of Colorado Potato Beetle in plots treated with
either Warrior Il or Warrior 11 with PBO added. P-values below 0.05 are considered significantly different (i.e. a
real difference, no overlap of data). Adding PBO to Warrior II had no effect on it’s efficacy. Plots treated with
Warrior 11 1.920z with PBO added had similar numbers of feeding stages of Colorado Potato Beetles as did plots
treated with Warrior 11 1.920z without PBO.
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Table 12. Analysis of Variance (ANOVA) of the percentage of defoliation of plants in plots treated with either
Warrior 1l or Warrior 11 with PBO added. P-values below 0.05 are considered significantly different (i.e. a real
difference, no overlap of data). Plots treated with Warrior Il with PBO had similar defoliation as did plots treated
with Warrior 11 without PBO. There was no effect of adding PBO to this product in this trial.
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at all sample dates through the trial. There was no difference in the amount of defoliation seen
in plots applied with either treatment. The lack of any synergism from adding PBO to Warrior Il
may be because the rate of resistance to this insecticide is so high in local populations that any
improvement would still result in a small overall decrease in beetle numbers.

A summary of PBO interactions can be found in the Appendix.



3) Assess role of CPB in potato disease — These
trials were conducted in lab and greenhouse and had
limited treatments applied in the field. Caged trials were
conducted in walk-in growth rooms at the NWROC (Fig
2). Beetles were allowed to feed on PVY infected plants
and then released into a cage containing uninfected
plants. After allowing extensive feeding and removing
beetles, plants were tested with PVY test strips (Fig. 3).
Only 2 plants tested positive for PVY, both of which
providing a positive signal on test strip. Tubers were
collected from only one of these plants but did not
sprout. Consequently, a grow out of the plant was not
possible.

A cage trial was conducted in the field mirroring the
methods in the lab trial. Large walk-in cages were
established over planted rows in the field. Prior to
installing the cage, the trial plot had been hand-planted
with uninfected and 2-3 infected potatoes. A small cage
was then placed over the PVY infected plants prior to
emergence inside the walk-in cage. This prevented any
potential infection by wild insects. After plants were
established, potential vectors were placed in the PVY
infected plant cage and allowed to feed on these plants
prior to the inside cage being removed. At this point, the
potential vectors were free to feed on the uninfected
plants.

One of the replications was confounded due to the
inside cage containing the PVY positive plants, being
knocked off by a very strong wind front. The interior
cage had not been adequately secured to the ground.
At this point, we were not sure if the vetors that had
been placed into the cage had fed long enough to be
sufficiently viruliferous. In any case, none of the
uninfected plants tested positive in the trial.

These data are preliminary at this point but seem to
indicate that CPB may vector PVY in the lab, but may
not in the field. We intend to repeat this trial with a
larger design in 2021/22 as part of a Specialty Crop
Block Grant.

Figure 2. Caged Colorao Potato Beetle
trials assessing vector efficiency.

Figure 4. Caged trials at the NWROC used to
assess vector efficiency. Note internal cage
which contains PVY infected plants upon
which potential vectors are allowed to feed
prior to being released into the main cage set
up over non-infected plants.
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Appendix 1.

Insecticide (Mode of
Action)

PBO Interaction

AgriMek
(Abamectins)

No Benefit. In Red River Valley CPB populations, adding PBO did not
increase efficacy of AgriMek, no additional toxicity was seen.
PBO does increase toxicity to CPB populations in Central MN

Torac (METI)

Benefit. PBO significantly increased the toxicity of Torac, especially at
the 210z rate.

Coragen (Diamides)

No benefit. The addition of PBO did not increase the efficiacy of
Coragen. Most publications have shown no effect of PBO on diamides.

Blackhawk
(Spinosyns)

Negative effect. Adding PBO to Blackhawk had an antagonistic effect,
decreasing efficacy at higher application rates.

Warrior 1l (Synthetic
Pyrethroids)

No benefit. Adding PBO to Wrrior did not increase its efficacy.
Resistance to Pyrethroids is well-established in Red River Valley CPB
populations.
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Executive Summary — This is a proposal to fund continuing research and outreach that expands and
maintains an aphid trapping and monitoring network for aphid vectors of virus disease in potatoes
(focusing on PVY) and provides near real-time maps of aphid population distribution in MN and ND.
This proposal also includes refining optimum timing for vine-kill, supplementing a successful Specialty
Crop Research Block from the Minnesota Dept. of Agriculture.

Rationale — The seed potato production regions of North America are suffering an epidemic of aphid
vectored, virus causing diseases such as Potato Leaf Roll (PLRV) and Potato Virus Y (PVY). PLRV is a
non-persistent (circulative) virus. It has a latency period; the time from which the aphid acquires the
virus from an infected plant to the time the aphid can then transmit the virus to a non-infected plant, is
anywhere from 12 to 72 hours. Consequently, PLRYV is often transmitted by aphids that colonize potato.
Colonization by an aphid refers to a winged female depositing a daughter aphid which reproduces,
resulting in the plant hosting a resulting population of aphids. A latency period of up to 3 days means
PLRV can be controlled by well-timed applications of traditional insecticides.

On the other hand, PVY is a non-persistent virus; there is no latency period and the time from the virus
can be acquired by a vector from an infected plant and transmitted to an uninfected plant is only minutes
at most. Consequently, PVY is often vectored by aphid species that don’t colonize potato. In fact, with
regards to PVY transmission, the vector you don’t see on the plant is often more important than the ones
you find. A non-colonizing aphid species will fly into a potato field, probing plants to determine of they
are appropriate host plants. If a plant is not a viable host, aphids will fly (up to 1-3m) to neighboring
plants to assess them as hosts. Consequently, an aphid species that does not colonize potatoes will move
across a potato field, probing plants and potentially transferring inoculum. This process results in non-
colonizing vector species spending short periods in each field, probing plants as they move across and
eventually leaving the field. Not only does this mean that any PVY inoculum, with its negligible latency
period, will be readily moved from infected to non-infected plants, but the short residence time in the
field also means that traditional insecticides will not have sufficient time to prevent the transfer of
inoculum by the vector. Traditional insecticides, therefore, will not control the spread of PVY. Rather, the
most effective insecticides have been those that cause the insects’ feeding behavior to stop.

Currently, the main two insecticides used for this purpose have been Beleaf (FMC Corp., Philadelphia
PA) and Fulfill (Syngenta, Crop Protection, Greensboro, NC). Other than these anti-feedant insecticides,
the best alternative management product has, to this point, been crop oils such as Aphoil. The application
of crop oils can reduce the transmission of PVY from between 40%-85% depending on the frequency of
application and incorporation of other management tactics. There have been reports that these products
may not be providing the length of control they previously have; this may, however, be more the result of
environmental influence than the development of resistance.

Some newer products have recently gained registration for use in potatoes that may also have promise in
managing the transmission of PVY (e.g. Sefina, BASF Ag Products, Research Triangle Park, NC).
Additionally, other research indicates the addition of the synthetic pyrethroid Lambda Cyhalothrin (e.g.
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Warrior 1l by Syngenta Crop Protection or Silencer by Adama) increases the length of protection crop oils
provide against the transmission of PVY (Singh 2019). Interestingly, Lambda Cyhalothrin was the only
insecticide shown to augment efficacy of crop oils.

There are a number of aphid species that vector virus diseases to seed potatoes, the most efficient being
Green Peach aphid, Myzus persicae (Sulzer) but several others are also present. For example, soybean
aphids are only 10% as effective in vectoring PV as is Green Peach aphid (Davis & Radcliffe 2008), but
disperse in such high numbers (Ragsdale et al 2004) they can be an important part of seasonal
epidemiology. However, potato is not a suitable host for soybean aphid so it will not colonize the crop.
The importance of non-colonizing means that scouting for aphids in potatoes, while an excellent
management practice, may not provide a complete picture of the amount of vectors present at a given
time.

Aphids show a preference for landing on the edge of fields. This is true for many of the aphids colonizing
potato (DiFonzo et al. 1997, Suranyi et al. 2004, Carroll et al. 2004) and for non-colonizing species as
well (Hodgson et al 2005). This practice facilitates the use of targeted border applications which can
result in significant savings in aphid management (Carroll et al. 2009, Olson et al. 2004). However,
application timing is critical and treatments must be applied prior to aphid populations dispersing across
the field. Consequently, accurate methods of monitoring aphid presence are essential. The regional aphid
monitoring network, Aphid Alert, provides Minnesota and North Dakota seed potato growers near real-
time information on virus vector flight activity.

Over the past several years, Aphid Alert has provided timely information on aphid vector presence and the
seasonal patterns of vector population dynamics. For example, the majority of vector flight occurs
starting in late July and through August, reflecting many of the non-colonizing species moving from
senescing hosts (e.g. small grains) to seek alternate food sources (Fig 1). This late season flight of aphid

vectors confirms that the majority of PVY infection
must occur late in the growing season.

Appropriately timed vine-kill could provide an *
excellent additional tactic to manage PV spread. i
However, to be economically feasible, the timing

of vine-kill would have to be optimized to balance 1
any yield loss and disease management.
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The Aphid Alert network has developed to provide
region-wide coverage, estimating the aphid vector
populations. The network relies on grower 0
cooperators to maintain and change traps
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throughout the growing season and send weekly
trap catches to the entomology lab at the University
of Minnesota’s Northwest Research & Outreach
Center (NWROC). There, the trap contents are
sorted and aphid vector species identified and PVY

Figure 1. The average % flight of aphid vectors of potato virus
disease as measured by suction trap capture through the growing
season. Note peak seasonal flight occurs from the 4™ week of July
end of August. This is an average of data collected from 2012-2019.

Vector Risk Index values calculated. Results are distributed to seed producers weekly via various
electronic media (NPPGA’s Potato Bytes, the Aphid Alert blog, Twitter and email ListServs). Since 2012,
the Aphid Alert network has provided excellent regional coverage of the Minnesota and North Dakota

seed producing areas.

We propose to:

1. Continue the Aphid Alert network, providing potato producers with near real-time information on
the regional distribution and densities of aphid vectors of virus disease and weekly assessments of

PVY risk transmission at 20 trap locations.




2. Develop best recommendations for the timing of vine-kill to minimize any yield loss while
providing additional disease management.

3. Compare newer products and additives that may offer additional tactics for managing the
transmission of PVY.

Procedures — 1) Aphid Alert Trapping Network. A network of ~20 3m-tall suction traps has been
established in the seed potato production areas of Minnesota and North Dakota. These traps consist of a
fan drawing air down in through the trap and trapping the incoming aphids in a sample jar which is
changed weekly by grower cooperators and sent to the UMN-NWROC entomology lab. Insects in the jars
are sorted, aphids identified to species and aphid population dynamics at sample locations are determined.
Maps are prepared weekly showing these dynamics. This information is made available to growers on two
websites (aphidalert.blogspot.com and aphidalert.umn.edu), via NPPGA weekly email, linked to the
NDSU Potato Extension webpage (http://www.ag.ndsu.edu/potatoextension), and posted on the
AgDakota and Crops Consultants List Servs. Recommendations for beginning oil treatments or targeted
edge applications can be made based on the information obtained from the regional monitoring system.
Traps are established in early June and maintained until the seed field hosting the trap is vine-
killed/harvested. At that point, a field is no longer attractive to aphids. We will continue to operate the
Aphid Alert suction trap network incorporating the PVY Vector Risk Index maps into weekly reporting.
Aphid species have differing levels of efficiency in their ability to transmit PVY. The PVY Vector Risk
Index uses relative transmission efficacies of different aphid vector species to present the relative risk of
disease transmission at each location.

In 2014, four Aphid Alert suction traps were established at the MN winter grow-out location at Waialua,
HI. Additional traps have been incorporated providing coverage of the grow-out site. Through the grow-
out season, we identify trap contents sent to us by the cooperating grower in HI. This assures that any
PVY incidence recorded in the grow-out results from planted inoculum and not from within-field transfer
at the grow-out site.

2) Vine Kill Timing - Two separate trials will be conducted to assess the optimum timing of vine kill:
effect of individual plant age in PVYY transmission and the timing of desiccant application. Plant age has
been reported as influencing the presentation of PVY symptoms (Schramm et al 2011), but there is little
information on the influence of plant age on infection. There is some evidence that leaf age may influence
susceptibility of plants to infection by virus (e.g. Takehashi, 1972). Combining this information with
optimal timing of the application of desiccant should enhance management of the transmission of PVY.

A source of PVY infected potato germ plasm has been obtained from the Minnesota Dept. of Agriculture
seed inspection service (no field source was been provided for this germplasm). To assess the timing of
vine-kill, replicated small plots (4 plots - 2 rows X 4 plants/row each) will be established at the NWROC
in Crookston. One row of 4 plants in each cage will be planted with PVY infected tubers, the other row
planted with uninfected plants. All plots will be caged with 6°X6” walk-in cages prior to emergence and
maintained throughout the summer. The cages will prevent the immigration of potential vectors and
movement within cages will carefully avoid mechanical contact and potential transmittance of virus.
Plants will be tested several times throughout the summer to ensure their original infection status is
maintained. To assess the effect of plant age on transmission, an additional plot will be established with
uninfected plants which will be individually caged with small plant cages to ensure they remain
uninfected.

To evaluate the timing of desiccant application, the walk-in cages will be infested with Green Peach
aphids which have been fed for several days on infected PVY potatoes in the lab (i.e. to ensure they will
be viruliferous). Cages will be infested in mid-August and desiccant applied to 1 cage per week until all
cages have been treated. After vine-kill has been completed, all aphids in cages will be eradicated prior to
the removal of the cages. All care will be exercised to prevent the escape of any viruliferous aphids.
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Tubers will be collected from the uninfected plant row and grown in the greenhouse; resulting plants will
be tested for PVY. Rates of PVY transmission will be compared by application dates.

To establish the effect of plant age on PVY transmission, individually caged plants will be exposed to
viruliferous Green Peach aphids (prepared as above) over time. Four randomly selected caged plants will
have 2 viruliferous aphids attached to their leaves using leaf-clip cages. A leaf clip cage is 4” diam. PVC
pipe cut to 1/2” length. Fine gauge netting is then glued over one end of the tube creating a tiny cage.
The cage is held onto the leaf of a plant via a spring hair clip. One viruliferous Green Peach aphid will be
placed into a leaf clip cage and two such cages attached to leaves of each selected potato plant. The
aphids will be allowed to feed upon the potato plant for 10-15 minutes to optimize the potential for PVY
transmission. Cages will then be removed and the aphids killed. Infestations will begin when plants are
post-emergent and continue through the growing season to plant senescence. All plants will be assessed
for PVY infection using Enzyme-Linked Immunosorbent ASSAY (ELISA) in the lab or by using ELISA
sticks in the field.

3) Product Comparison for PVY Management - Replicated field plots will be established at the NWROC

in Crookston. Replicated small plots will be - — —
treated with the management application to be Table 1. Foliar applications to manage transmission of
tested. Treatments (Table 1) will begin prior to the PVY. —
arrival of aphids (as detected by the Aphid Alert Product Application timing
trap onsite) and continued through the growing Beleaf 1/wk

season as appropriately dictated by the Beleaf 1/2wks
management tactic. Starting in early July, in each Fulfill 1/wk

plot viruliferous Green Peach aphids will be added Fulfill 1/2 wks

to 10 randomly selected plan'gs _using clip cages (2 Sefina 1/ wk

cages /plant, each cage containing one viruliferous (Inscalis)

aphid). Plants will not be re-used in subsequent re- || Sefina 1/ 2wks
treatments. Aphids will be allowed to feed for 10- (Inscalis)

15 minutes to optimize the potential for PVY Aphoil 1/wk
transmission. Research by Singh (2019) Aphoil 2/ wk
recomr_nended a _schedule, bgsed on the seas_onal Aphoil & A | 1/ wk with 3 1-
dynamics of aphids vectors in New Brunswick, for Cyhalothrin | cyhalothrin

addl_ng I__ambda—Cyhalothrln to crop oil _ Aphoil & A- | 1/ wk with 4 »-
applications. Seasonal peaks of vector populations | Cyhalothrin | cyhalothrin

in Minnesota and North Dakota are significantly Aphoil & A~ | 1/ 2 wks with 4 -
Igte_r in thg season (Fig _1) and S0 application Cyhalothrin | Cyhalothrin

timings will be appropriately adjusted to reflect our

local aphid population dynamics. Plants exposed to aphids will be assessed for PVY infection using PVY
ELISA sticks in the field. Applications will be compared based on percent of plants infected with PVY.

Results & Discussion

COVID-19 Impacts — the University of Minnesota’s COVI-19 restrictions put in place to safeguard the
health and welfare of their Students, staff and faculty prevented establishing and maintaining a research
effort at the Sand Plains Research Farm in Becker. All field research in 2020 was therefore conducted at
the NWROC in Crookston, limiting space available for field trials. Trials focusing on responses in
individual insects (e.g. disease transmission, insecticide resistance, etc), were conducted in the laboratory
or greenhouse when possible.



Aphid Alert Trapping Network: in the 2020 season, the Aphid Alert Network had 20 traps in Minnesota
and North Dakota and 2 in Nebraska. A total of 3 sites had trap problems preventing records from certain
weeks in the season. Overall, the vector pressure was slightly less than that of 2019, but dynamics were
different. Vector numbers were highly skewed to later in the season; this is not uncommon, but 2020
seemed to have a very rapid late season development of vector populations. By July 28, all traps together
had captured only a total of 75 vectors. From this date until Sept 11 we saw exponential increases in
vector numbers (Fig 3). Although Minnesota and North Dakota tend to have peak aphid numbers later in
the growing season (Fig 4), the 2020 capture pattern lagged behind the average by approximately 2
weeks; on average, regional vector catch starts to significantly rise in mid-late July (Fig 4).

This late capture does underscore that the
region’s greatest chance of PVY transmission is
late in the growing season and continued PVY
management is necessary to avoid infection.
Seed producers may want to consider vine kill by
late August and continue the use of oils or
antifeedant insecticides (e.g. Beleaf or Fulfill)
until vines are killed or otherwise completely
senesced.

The data presented in Fig. 4 provides some
interesting suggestions for late season PVY
management. Several growers in the region have
reported already adopting the practice of
‘spiking’ their Aphoil applications with generic
Lamda-Cyhalothrin (e.g. Silencer) to increase
suppression of PVY transmission. Results
reported by Singh (2019) suggest this practice,
when used with one application of Aphoil per
week, may be as or more efficacious that 2
applications of Aphoil per week (2 applications
of Aphoil per week has long been shown to be
more efficacious than a single application/week).

Singh’s research, conducted in New Brunswick,
reported using a schedule that included adding
applications more frequently early in the season
and tailing off later in the season. However, the
seasonal occurrence of aphids in eastern Canada
is earlier than on the Northern Plains. These data
from our Aphid Alert Network would suggest
that our greatest vector pressure, and therefore
our greatest risk of transmission, probably
doesn’t start until mid-July and escalates quickly
afterwards. If adopting this strategy of adding an
insecticide to Aphoil, it is probably best to
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Week 23 24 25

JUNE

26 | 27 28 28 30 | 31 32

JuLy

33 34 35

AUGUST

36 37 38

SEPTEMBER

Figure 4. The summed capture by week of all vectors captured

in all

MN & ND Aphid Alert Traps 2012-2020 (not all site

locations had data from all years, traps with more than 2 years
consecutive data were included). Dates were standardized to
1ISO-8061 Week Number to facilitate comparison across years.

concentrate those applications to later in the season rather than earlier. It is also important to note that the
only insecticides Singh’s research reported as reducing PVY spread when added to Aphoil were Lambda-
Cyhalothrin (e.g. Warrior, Silencer. Etc), Beleaf, and Fulfill. Other insecticides tested did not provide the

desired synergism.




Not all Aphid Alert site locations have vector population dynamics that mirror the regional pattern (which

iS an average across
all locations).
Consequently, site
specific reports have
been prepared for
each sample
locations (e.g. Fig 5)
and supplied to trap
hosts. These will be
used to develop more
focused regional
reports that will be
made available on
the Aphid Alert
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Flgure 5 Mean seasonal PVY Vector Risk averaged across the region from 2012 2020 (Ieft) Vs
mean seasonal PVY Vector Risk from Crookston site 2013-2020 (right).

website (aphidalert.blogspot.com)

Vine Kill Timing — Space limitations due to increased use of the NWROC, Crookston site precluded this
field study. These trials will be conducted in 2021, materials have been purchased and are in place.

Product Comparison for PVY Management — These trials are being conducted in the greenhouse and
environmental control rooms. Unfortunately this precludes doing all treatments at one time and requires
changing treatments to allow for assessment. These trials now involve establishing winged Green Peach
Aphids from our colony (Fig 6) in a small cage placed inside a larger cage (Fig 7). The small cage
contains a PVY-infected plant. After being closed in the small cage and allowed to feed on the PVY
positive plants for varying period of time, a non-infected plant is placed in the larger cage and the small

cage opened, releasing the aphids into the larger cage with
the non-infected plant. The results are now concentrating
on the timing of residual activity of the combinations.

Field trials will be conducted in the summer of 2021. All
equipment and supplies have been purchased.

(right).

Figure 6. Aphid colonies being maintained at the NWROC
include both Green Peach Aphid (Left) and Potato Aphid

white cage holds a potted potato plant infected with
PVY within which winged pahids will be placed. It
sits inside a larger cage (the white PVC frame is
visible in the picture).

cage desAign. h small
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